Background/Aims: We examined the factors associated with blood pressure variability in a multi-ethnicity prospective study in China to gain more evidence to guide the prevention and management of hypertension through risk factor intervention. Methods: A total of 318 consecutive adult subjects aged 29-94 years with suspected or known hypertension were enrolled in this study. Blood pressure variability measurements were based on ambulatory blood pressure monitoring. To measure short-term reading-to-reading blood pressure variability in this study, we used the standard deviation(SD) of the blood pressure to estimate the blood pressure variability. Results: The SDs of the blood pressure in this study ranged from 5.425 to 32.25, with a median of 10.81 (quartile range, 8.90-12.46). No significant difference regarding the level distribution of blood pressure variability was found across the various ethnicities. Spearman correlation analyses indicated that the SD of blood pressure was positively correlated with DSBP (r=0.302, p=<0.001), NSBP (r=0.383, p=<0.001), NDBP (r=0.230, p=<0.001), and FBG (r=0.129, p=0.023) and was negatively correlated with triglyceride (r=-0.289, p=<0.001), CR (r=-0.242, p=<0.001), HDL-C (r=-0.230, p=<0.001), LDL-C (r=-0.186, p=0.001), and apolipoprotein B levels (r=-0.157, p=0.006). Multiple linear regression analysis indicated that triglycerides p=<0.001), NSBP (β=0.174, p=0.003), FBG (β=0.128, p=0.024), p=0.022), and apolipoprotein A (β=-0.116, p=0.036) were significantly and independently associated with the blood pressure variability. Conclusions: In this study, blood pressure variability was significantly associated with not only blood pressure levels but also patient demographic, clinical and biochemical characteristics.
Introduction
The most significant single contributor to the global burden of disease and to global mortality is hypertension. The number of people affected and the prevalence of high blood pressure worldwide are expected to increase over the next decade [1] . As the largest developing country, China urgently needs strategies to prevent hypertension. According to existing guidelines, the diagnosis of hypertension is based on a systolic blood pressure measured in the clinic of at least 140 mmHg, a diastolic blood pressure of at least 90 mmHg, or both [2] [3] [4] . However, a single blood pressure measurement is insufficient for an accurate diagnosis of hypertension. As ambulatory blood pressure monitoring (ABPM) can provide information about blood pressure levels, blood pressure load, and blood pressure variability, it has proven to be increasingly important in the diagnosis, management and prognosis of hypertension, as shown by various studies [5] . Although some studies have examined the relationship between ABPM parameters and the risk of cardiovascular disease and allcause mortality, noting that abnormalities increase these risks [6, 7] , these relationships still need to be elucidated in the Chinese population. Moreover, the factors associated with blood pressure variability based on ABPM in China have not been well studied. Therefore, we examined the factors associated with blood pressure variability in a multi-ethnicity prospective study in China to obtain more evidence to guide the prevention and management of hypertension through risk factor intervention.
Materials and Methods
This study was approved by the Ethics Committee of the Friendship Hospital of Ili Kazakh Autonomous Prefecture, Xinjiang Uygur Autonomous Regions, China, and by the Ethics Committee of the First Affiliated Hospital of Nanjing Medical University, Jiangsu Province, China. Written informed consent was obtained from each patient.
Study subjects
From 1 January 2014 to 16 December 2015, 318 consecutive adult subjects (169 males and 149 females) aged 29-94 years with suspected or known hypertension who were evaluated at the Friendship Hospital of Ili Kazakh Autonomous Prefecture in China were enrolled in this study. Among the 318 subjects, 189 subjects were of Han nationality, 62 were of Uygur nationality, 35 were of Kazakh nationality, 26 were of Hui nationality, and 6 were of other nationalities (1 subject was of Mongol nationality, and 5 subjects were of Sibe nationality). The exclusion criteria for the subjects were as follows: 1) heart failure, 2) infections within 2 weeks of enrolment, 3) adrenal or thyroid dysfunction, and 4) cancer. The history of prior stroke and coronary artery disease for subjects was obtained using a standardized questionnaire.
Cigarette smoking and alcohol intake
A standardized questionnaire was employed to assess the cigarette smoking and alcohol intake status of the subjects. The subjects' smoking status was classified as either "never smoking" or "smoking". The former referred to individuals who never smoked, and the latter group included both former and current smokers [8] [9] . In addition, alcohol intake status was classified as either "never drinkers" or "drinkers" (including both former and current drinkers), and subjects who reported consuming at least 50 g/week of alcohol were considered current drinkers. [10] .
Blood pressure variability measurements based on ambulatory blood pressure monitoring
The blood pressure variability measurements performed in this study were based on ambulatory blood pressure monitoring, which was conducted using a Mobil-O-Graph ABPM device (Stolberg, Germany). The Mobil-O-Graph ABPM device provided fully automated and programmable oscillometric BP readings, which were obtained from the upper arm. The data analysis was performed according to the European Society of Hypertension (ESH) protocol [11] . Portable monitors were programmed to obtain ambulatory blood pressure readings at 15-minute intervals throughout the day. Accounting for the daily activity patterns of the subjects, daytime was defined as the interval from 8:00 AM to 10:59 PM, and the corresponding nighttime interval ranged from 11:00 PM to 7:59 AM. To measure short-term reading-to-reading blood pressure variability in this study, we used the SDs of daytime (SDd) and nighttime (SDn) blood pressure variability. The blood pressure variability was defined as follows: blood pressure variability=(the SD of daytime systolic blood pressure + the SD of daytime diastolic blood pressure + the SD of nighttime systolic blood pressure + the SD of nighttime diastolic blood pressure)/4.
Laboratory measurements
Total cholesterol (TCH, mmol/L), triglyceride (TG, mmol/L), fasting blood glucose (FBG, mmol/L), creatinine (CR, µmol/L), fasting high-density lipoprotein cholesterol (HDL-C, mmol/L), fasting low-density lipoprotein cholesterol (LDL-C, mmol/L), apolipoprotein A (apoA, g/L) and apolipoprotein B (apoB, g/L) levels were measured via enzymatic procedures using a Hitachi 7600 automated autoanalyzer (Hitachi Co., Tokyo, Japan).
Statistical analyses
Data were analyzed using the Statistics Package for Social Sciences (ver. 16.0; SPSS Incorporated, Chicago, IL, USA). The patients were classified into four groups according to blood pressure variability, using the quartile values as cutoff points; therefore, each group had a similar number of patients to minimize any biases that might have affected the statistical analyses. Data pertaining to average nighttime systolic blood pressure (NSBP, mmHg) and apolipoprotein A were normally distributed and were presented as the mean ± standard deviation (SD), and the comparisons were analyzed via one-way analysis of variance (ANOVA). Skewed data, including the data pertaining to age, average daytime diastolic blood pressure (DDBP, mmHg), average daytime systolic blood pressure (DSBP, mmHg), average daytime diastolic blood pressure (DDBP, mmHg), average nighttime diastolic blood pressure (NDBP, mmHg), the SD of daytime systolic blood pressure (SD DSBP , mmHg), the SD of daytime diastolic blood pressure (SD DDBP , mmHg), the SD of nighttime systolic blood pressure (SD NSBP , mmHg), the SD of nighttime diastolic blood pressure (SD NDBP , mmHg), the SD of blood pressure (SD BP , mmHg), total cholesterol (TCH, mmol/L), low-density lipoprotein cholesterol (LDL-C, mmol/L), high-density lipoprotein cholesterol (HDL-C, mmol/L), triglycerides (TGs, mmol/L), fasting blood glucose (FBG, mmol/L), and creatinine, were expressed as the median ± standard deviation (SD), and the comparisons were analyzed using the Kruskal-Wallis H test. Categorical variables, including sex, cigarette smoking status, alcohol intake status, history of prior stroke and coronary artery disease, were compared among the groups using chi-squared analyses. Spearman's two-way test assessed the relationship between two quantitative variables, and we evaluated the independent predictors of blood pressure variability via multiple linear regression analyses. Significance was noted if the null hypothesis could be rejected with >95% confidence. All p-values given are two-tailed.
Results

Baseline characteristics of the subjects grouped according to ethnicity
The baseline characteristics of the subjects grouped according to ethnicity are presented in Table 1 . Significant differences in age (p=0.010), average nighttime diastolic blood pressure (p=0.006), total cholesterol (p=0.016) and LDL-C (p=0.001) were observed across the various ethnicities. Furthermore, no significant difference was found across the various ethnicities with regard to the frequency distribution of gender, cigarette smoking status, alcohol intake status, history of prior stroke and coronary artery disease.
Patient demographic, clinical and biochemical characteristics according to blood pressure variability
The SD BP (mmHg) of the subjects in this study ranged from 5.425 to 32.25, with a median of 10.81 (quartile range, 8.90-12.46). Table 2 shows the patient demographic, clinical and biochemical characteristics according to blood pressure variability. Quartile Table 1 . Baseline characteristics of the subjects grouped according to ethnicity 
Multiple linear regression analysis with blood pressure variability as the dependent variable
To determine the factors that are independently associated with blood pressure variability, multiple linear regression analysis was performed. In this model, the SD of blood pressure was employed as dependent variables, and age, sex, cigarette smoking status, alcohol intake status, history of prior stroke and coronary artery disease, DSBP, DDBP, NSBP, NDBP, total cholesterol, triglycerides, fasting blood glucose, creatinine, HDL-C, LDL-C, apolipoprotein A, and apolipoprotein B were employed as independent variables. In the final model (Table 4 and Fig. 1-5 ), triglycerides (β=-0.217, p=<0.001), NSBP (β=0.174, p=0.003), FBG (β=0.128, Table 3 . Spearman correlations between blood pressure variability and age and clinical and biochemical characteristics Table 4 . Predictors of SD BP via multiple linear regression among the subjects values were used as cutoff points. The results indicate that significant differences in DSBP (p=<0.001), NSBP (p=<0.001), NDBP (p=<0.001), TCH (p=0.022), TG (p=<0.001), CR (p=<0.001), HDL-C (p=<0.001), LDL-C (p=0.002), and apolipoprotein B (p=0.010) were observed among the groups and that age (p=0.270), DDBP (p=0.120), FBG (p=0.117), and apolipoprotein A (p=0.303) levels did not significantly differ among the groups. In addition, no significant difference regarding the frequency distribution of gender, cigarette smoking status, alcohol intake status, history of prior stroke and coronary artery disease for the subjects was found across the different levels of blood pressure variability. 
Spearman correlations between blood pressure variability and age and clinical and biochemical characteristics
Discussion
In this hospital-based multi-ethnicity study of adult Chinese subjects with hypertension, the main findings were as follows: the blood pressure variability did not differ across the various ethnicities, and blood pressure variability was significantly associated with not only blood pressure levels but also patients' demographic, clinical and biochemical characteristics.
Blood pressure variability, which is defined as the continuous fluctuation in blood pressure, includes both short-term and long-term variability and has drawn substantial amount of attention recently because cross-sectional and cohort studies have indicated that blood pressure variability is closely associated with target-organ damage independent of mean blood pressure values [11] [12] [13] [14] [15] [16] . Therefore, attenuating blood pressure variability and reducing mean blood pressure values may be equally important goals in the management of cardiovascular disease. The most widely used measurements for estimating blood pressure variability during a 24-h period are the standard deviations of the mean daytime and nighttime blood pressure; therefore, the standard devi-ations of the mean daytime and nighttime blood pressure were used as indicators of blood pressure variability in this study. The results of this study are consistent with previous studies showing that blood pressure variability is greatest during the daytime and lowest during the night [17] .
Blood pressure variability has been documented since the 18th century, but the factors associated with the occurrence of continuous blood pressure fluctuations over time have not been explored thus far. Based on the results of this study, biochemical characteristics significantly influence blood pressure variability independently of the mean blood pressure levels. Reducing the 24-h mean blood pressure has been the central focus with respect to attenuating blood pressure variabili- ty, but it is clear that attention should also be given to biochemical characteristics, especially blood lipid profiles.
This study had several limitations. Its sample size was small; thus, large-scale studies are necessary to substantiate our findings. Furthermore, given that the study involved subjects hospitalized for hypertension, its results may not be applicable to an unselected community population. Additionally, the mechanism underlying the apparent relationship between blood pressure variability and biochemical characteristics was not examined. Moreover, blood pressure is associated with sympathetic activity [18] , which we did not consider. Therefore, although a significant relationship between these parameters appears to exist, the biological plausibility of this relationship remains unproven and warrants clarification in future studies.
Conclusion
The most relevant findings of this study are that biochemical characteristics significantly influence the blood pressure variability independently of mean blood pressure levels.
